be more complex structures, combined with in vitro functional assays to reconstitute complex assembly, disassembly, membrane tethering, SNARE complex assembly and so on, as well as in vivo mutagenesis and cell biological analyses. It will be exciting to see the structures and functions of these complexes revealed in the near future. Damaged bases are most frequently removed from DNA by one of two pathways: baseexcision repair (BER) and nucleotide-excision repair (NER) 1 . In BER, small modifications to the DNA bases caused by oxidation, deamination or alkylation are recognized and excised by DNA glycosylases 2 . At least 12 such enzymes are known in humans; they show narrow substrate specificity and recognize one or a few prominent endogenous lesions. DNA glycosylases hydrolyze the glycosidic bond linking the base to the sugar-phosphate backbone, generating an abasic-site product, which is processed by a common set of downstream enzymes that remove the abasic site and restore the original DNA sequence. These enzymes recognize and extrude the damaged nucleotide from the DNA helix into an active site pocket that confers specificity for the damaged base. A single aromatic or aliphatic residue is inserted into the helix from the minor groove and takes up the position of the displaced base 3, 4 .
be more complex structures, combined with in vitro functional assays to reconstitute complex assembly, disassembly, membrane tethering, SNARE complex assembly and so on, as well as in vivo mutagenesis and cell biological analyses. It will be exciting to see the structures and functions of these complexes revealed in the near future. The DNA-repair machinery is faced with the significant challenge of differentiating DNA lesions from unmodified DNA. Two recent publications, one in this issue of Nature Structural & Molecular Biology, uncover a new way of recognizing minimally distorting DNA lesions: insertion of a 3-or 4-amino-acid wedge into DNA to extrude the lesion into a shallow binding pocket that can accommodate various damaged bases.
Damaged bases are most frequently removed from DNA by one of two pathways: baseexcision repair (BER) and nucleotide-excision repair (NER) 1 . In BER, small modifications to the DNA bases caused by oxidation, deamination or alkylation are recognized and excised by DNA glycosylases 2 . At least 12 such enzymes are known in humans; they show narrow substrate specificity and recognize one or a few prominent endogenous lesions. DNA glycosylases hydrolyze the glycosidic bond linking the base to the sugar-phosphate backbone, generating an abasic-site product, which is processed by a common set of downstream enzymes that remove the abasic site and restore the original DNA sequence. These enzymes recognize and extrude the damaged nucleotide from the DNA helix into an active site pocket that confers specificity for the damaged base. A single aromatic or aliphatic residue is inserted into the helix from the minor groove and takes up the position of the displaced base 3, 4 .
A few repair enzymes use slightly different strategies to recognize small base lesions. Among them is Endonuclease V (EndoV), which was So is this wedge mechanism for base extrusion and recognition found in other DNA-damage binding proteins? In a parallel and almost simultaneous study of a different repair pathway, NER, Scrima et al. report that UV DNA-damaged binding complex (UV-DDB, made up of the DDB1 and DDB2 subunits) uses a similar wedge-base mechanism to find lesions 8 . NER deals with numerous structurally diverse lesions formed by environmental agents such as solar UV radiation and others 9 . Within NER, UV-DDB is required for lesions that only moderately destabilize the DNA helix, whereas more distorting lesions are directly recognized by the XPC-RAD23B complex. XPC-RAD23B acts downstream of UV-DDB and recognizes the thermodynamic destabilization induced in the DNA by many NER substrates 10 (Fig. 1b) . UV-DDB is of particular importance for the repair of cyclopyrimidine dimers (CPD), which have only a mild influence on the structure of the DNA. The recent structure of DDB1-DDB2 bound to another photolesion, the 6-4 photoproduct (6-4PP), provides important insight into the mechanism of damage recognition in NER 8 . DNA is exclusively bound by the DDB2 subunit of the complex. DDB2 has a WD-40 β-propeller structure, and DNA binding is mediated by loops emerging from one side of the propeller. The key element for DDB2-mediated damage sensing is a 3-residue hairpin made up of the strictly conserved originally isolated from Escherichia coli as an enzyme to process hypoxanthine arising from the nitrosative deamination of adenine 5 . EndoV also binds other deaminated bases, as well as mismatches, flap structures and Y structures, and it remains to be elucidated which one of these is the principal substrate in mammals 6 . Upon binding its substrate, EndoV cleaves the phosphodiester bond located one nucleotide 3′ to the lesion (Fig. 1a) . This unusual mechanism for dealing with base lesions raises the question of whether EndoV also uses a nucleotideflipping mechanism to recognize lesions in DNA. A paper by Dalhus et al. 7 on page 138 of this issue of Nature Structure & Molecular Biology provides fascinating insights into this question. The distinguishing feature of the EndoV-DNA complex is a wedge of four residues (PYIP) that inserts into the minor groove of the helix (Fig. 2) . In contrast to the precise extrusion of a single nucleotide by DNA glycosylases of almost 180° (ref.
3), the lesioned base in EndoV is rotated by only 90° into the binding pocket of EndoV, located on the minor groove side. The orphaned cytosine base in turn is slightly pushed into the minor groove of the helix. The role of the wedge might be to tap on the helix and present potentially modified bases to the lesion binding pocket. The protein stays bound to the 3′ incised product through a series of hydrogen bonds to the terminal 5′ phosphate at the excision position, with the hypoxanthine still fully engaged in the recognition pocket. This product binding probably serves to ensure that the nicked product is securely passed to the residues Phe371, Gln372 and His373 that inserts into the DNA from the minor groove, displacing the lesion into a shallow binding pocket located in the major groove (Fig. 2b) . The wedge has striking geometric similarity to the one found in EndoV, and in both cases 2 amino acids are stacked at the tip of the wedge (Gln372 and His373 in DDB2 and Tyr80 and Pro82 in EndoV) and inserted into the DNA helix. As is seen in EndoV, the lesion binding pocket in DDB2 is shallow. It does not provide much specificity for the 6-4PP, but seems to be well suited to accommodate various lesions with an intrastrand cross-link, including CPDs and 6-4PPs. Cross-linked bases induce a compression of the phosphate backbone of the DNA, and this compression is readily accommodated in DDB2. These properties allow DDB2 to bind minimally distorting lesions.
The interaction mode of DDB2 with damaged DNA ideally complements the binding of XPC-RAD23. The binding of the DDB2 opens the DNA at the lesion and induces a kink, making the CPD recognizable for XPC, which interacts with the adducted site by binding 2 nucleotides of undamaged single-stranded DNA opposite the lesion 11 . UV-DDB is associated with the ubiquitin ligase CUL4A/RBX1 via the DDB1 s ubunit 12 . DDB2 binding to DNA anchors this complex at the damaged sites and this leads to ubiquitination of DDB2 itself and XPC at the site of the lesion 13 (Fig. 1b) . This event is thought to weaken the binding of DDB2 to the lesion, permitting XPC to displace DDB2 and recruit the core NER factors. Inspection of the DDB2 and XPC DNA structures suggests that a clash of the respective damage binding regions would not permit the two proteins to bind simultaneously, providing one possible reason for the existence of the ubiquitination cascade. The complementary binding strategies of DDB2 and XPC thus provide a powerful way of recognizing a broad variety of lesions that induce diverse structural alterations in the DNA helix. Once XPC binding has been established, downstream NER factors are recruited. These factors ensure that a chemical modification is indeed present in the DNA and that the distortion is not induced by a simple mismatch. They then excise the lesion, as part of an oligonucleotide of 24-32 nucleotides, and fill in the resulting DNA gap 9 .
Considering the terrific progress made in the structural biology of DNA-damage recognition by proteins in the past 15 years, it is remarkable that studies of two unrelated proteins reveal a novel mechanism for locating damaged sites in DNA, a wedge consisting of 3 or 4 amino acids. It will be interesting to see whether this structural element is also present in other proteins. At least one other protein, the ultraviolet damage DDB2 uses a wedge made up of the amino acids PNH (turquoise, blue and red, CPK) that binds from the minor groove of DNA and extrudes the UV-induced adduct (tan, CPK) into a shallow binding pocket in the major groove. DDB2 is shown in light blue; DDB1 is shown in light red and binds DDB2 on the opposite side of the DNA binding surface. DNA is dark blue. Figures were made using PyMOL (http://pymol. sourceforge.net) using the structures PDB 2W35 and PDB 2W36 for EndoV and PDB 3EI1 for UV-DDB. n e w s a n d v i e w s Correct folding of the chromosome is essential for many fundamental events such as DNA replication, exchange and segregation of genetic information, DNA repair and cell differentiation. To support these functions, the structure of the chromosome is controlled both locally and globally. The global folding is especially intriguing, because it involves long-range ordering of the chromosome by much smaller proteins. Early EM studies suggested that such long-range order might be imposed by a protein scaffold at the core of the chromosomes, which would divide it into a series of giant loops 1,2 . The scaffold, long regarded as a half-mythical entity, started to take shape with the discovery of condensins, which are now beginning to look like its central component [3] [4] [5] [6] [7] . The mechanism by which condensins organize the chromosome, however, remains a mystery, and new clues have emerged from the recent study by Woo and co-workers 8 .
Condensins and their close relatives cohesins are widely conserved across species and contain at their core the characteristically endonuclease (UVDE), for which only a DNAfree structure is presently available, seems to contain a similar element 14 . All three proteins recognize a diversity of lesions, so the wedge may be an important feature in proteins with broad substrate recognition.
V-shaped dimer of SMC (structural maintenance of chromosome) proteins, where two globular heads are connected via two long coiled coils [9] [10] [11] [12] [13] . The head domains can further associate via the shared ABC-type ATPase site, giving rise to SMC rings or macromolecular assemblies (Fig. 1 ). Yet another mode for macromolecular association is provided by kleisins, conserved non-SMC components of the complex, which also can link the SMC heads together. These numerous modes of protein-protein interactions, coupled with the difficulties in obtaining crystal structures of the full-length proteins, created fruitful grounds for speculation about the architecture of SMCs 9, 10, 13, 14 .
Even less clear is how SMCs interact with DNA. Condensins and cohesins were found to condense short DNA molecules [14] [15] [16] [17] [18] [19] and entire chromosomes 14, 15, 17 , and they n e w s a n d v i e w s
